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Abstract

Energy analysis software is an essential component of efforts to foster increased energy efficiency in buildings. In North America alone,
there exist hundreds of web- and disk-based building energy analysis tools, serving a diversity of audiences. Some are specialized while
others consider the building as a whole. We evaluated 50 web-based residential tools and 15 disk-based tools. While the state-of-the art in
tool design has risen considerably over the past three decades, today’s users are faced with an increasing—and often overwhelming—array
of choices and, often, conflicting results. A surprising number provide little or no detailed analysis of energy savings options. A number
of important building energy issues and efficiency features cannot be sufficiently well evaluated using any of the existing tools. Many
factors conspire to confound performance comparisons among tools, and the sources or implications of observed differences in results are
difficult to pinpoint. For the tools we tested, predicted whole-house energy bills ranged widely (by nearly a factor of three), and far more so
at the end-use level. We also discovered a remarkable number of indications of errors in programming or algorithms. Tool design should
be grounded in social science and engineering. Analytical results (e.g., benchmarking) and end-use-specific “what-if” functions are more
helpful for many users than rarified engineering outputs. Desirable technical features include modeling of occupant effects, open-ended
energy calculations as well as results normalized to actual consumption history, incorporating means for users to grasp the uncertainties
embodied in the results, and ensuring quality control to remove errors from the design and programming of tools. More coordinated
planning of tool development could help address the fragmentation and dilution of efforts that has historically hampered tool quality and
market penetration.
© 2004 Elsevier B.V. All rights reserved.

1. Residential energy analysis software

Energy analysis tools are integral to the process of identi-
fying and implementing building energy savings measures.
Such tools have many uses, ranging from consumer educa-
tion to performing detailed design analyses. The scope can
vary from a component- or end-use level to the whole build-
ing. The intended audiences vary correspondingly, from end
users to intermediaries such as contractors or auditors to pol-
icy analysts. Our interest here is primarily on whole-building
residential tools intended primarily for end-user audiences.

In their ideal form, building energy tools enable users
to accurately and cost-effectively evaluate energy use and
savings opportunities as well as non-energy issues such as
cost, environment, comfort, safety, and aesthetics. Basic tool
building blocks include the core simulation engines and al-
gorithms, coupled with user interfaces, and supported with
data on weather and component properties. The long-term
vision held by many in the building science community is
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one involving virtual (collaborative) “life-cycle” building
tools that simulate actual buildings and their construction
coupled with intelligent systems that monitor and archive de-
sign intent and performance and feed the results back to the
simulation tools, which, in turn, grow more refined through
integrating better empirical data[1].

The origins of building energy software trace back to the
1970s. Prior to that time, energy audits were conducted by
hand at significant cost. In the 1980s, the first-generation
of simulation-based analysis and design tools came into use
by researchers and consultants. The 1990s were marked by
tool improvements and a rapid proliferation of tools targeted
at a broader spectrum of users, including commercial and
residential consumers, and the advent of web-based tools.
In parallel with these technical developments was a per-
haps 500-fold reduction in the cost of delivering tool-based
audits.1

1 According to Michaels[2] the evolution from the early computer-based
residential audits to the emerging email-based audits has seen a cost
reduction from approximately US$ 250 per home to US$ 0.50 per home.
The cost reductions were due to a combination of lower computing costs,
reduced human labor, and increased penetration.
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Persistent barriers to the mainstream adoption of build-
ing energy tools include the time required to use them, pro-
cess the often-extensive outputs, and evaluate strategies for
reducing energy use below the performance level predicted
for the existing or baseline building. It can require the use
of multiple tools and multiple “runs” to evaluate alternate
scenarios.

Despite steady improvements over time, residential en-
ergy tools have attained very low market penetration. This
has been partly ascribed to the extensive fragmentation of
development and deployment efforts (as evidenced by the
hundreds of tools in existence), resulting in a proliferation
of tools each with a low user base and insufficient devel-
oper revenues to support continued development. Devel-
opment teams typically number from one to five people,
versus one to two hundred even for considerably simpler
mainstream consumer software (e.g., checkbook-balancing
tools). Numerous bugs and runtime instabilities evidence a
lack of sufficient resources for quality assurance. The ar-
gument has been made for unifying the currently disparate
development efforts into a more coordinated and collabo-
rative initiative [3]. This is particularly logical given the
limitations and volatility of public-sector funding for tool
development.

2. Prior reviews

Mills and Ritschard[4] previously evaluated disk-based
tools applicable to multifamily buildings. Most of these tools
no longer exist, while the remainder evolved considerably
since the original review.Home Energymagazine has pub-
lished various review articles, each of which looks at only a
handful of tools (e.g.[5]). The Electric Power Research In-
stitute commissioned a proprietary review of four web cal-
culators in 1998[6].

A particularly thorough prior study was conducted for
the California Energy Commission[7]. Although only eight
residential tools were evaluated (two disk-based and six
web-based), the information collected was more detailed
than in prior studies. The study concluded that a tool should

Table 1
List of tools examined

Tool name (web-based) Developer

Appliance calculator San Diego Gas and Electric Co.
Appliance Energy Estimator Southern California Edison
ATCO Energy Sense House Atco Gas (Canada)
BEACON Oarsman
Chicopee Electric Light Department Chicopee Electric Light Department
City of Oxford Electric Energy Calculator City of Oxford
Comfort Check Enercom & Nicor
Ecalc Pacific Gas & Electric Company
ELPC Pollution Calculator ELPC
Energy Calculator Niagra Mowhawk
Energy Calculator Electric Power Research Institute
EnergyCheckup.com GeoPraxis

provide three kinds of recommendations (1) no-cost options,
such as behavioral changes, (2) envelope measures appli-
cable during remodeling, and (3) equipment retrofits. The
report lists non-energy benefits and case studies as addi-
tional information that tools should offer, as well as multiple
user levels, recallable results, comparisons among multiple
scenarios, and the ability to evaluate single measures (i.e.
without having to do a whole-house survey). The authors
emphasize the importance of tools that “educate” the user
(i.e. not just generate numbers). The study concluded that
no single tool “consisted of all the desirable features and
functionality”. Two additional related criticisms of all the
tools were that recommendations are often vague and don’t
specify the exact efficiency level that consumers should se-
lect, and that some give ranges (instead of point values) for
results but do not assist the user in understanding the under-
lying uncertainties.

Few studies have grappled with the question of tool ac-
curacy. In the early 1980s, Wagner[8] compiled measured
versus predicted energy consumption in a verification ex-
ercise spanning 100 simulations performed by 18 tools.
ANSI/ASHRAE Standard 140-2001, Standard Method of
Test for the Evaluation of Building Energy Analysis Com-
puter Programs, specifies test procedures for evaluating the
technical capabilities and ranges of applicability of com-
puter programs that calculate the thermal performance of
buildings and their HVAC systems[9].

While not a critical review, The US Department of
Energy’s Building Energy Software Tools Directory[10] is
a rich compilation of tools and developer-provided infor-
mation per a standard format. Lawrence Berkeley National
Laboratory also maintains an on-line list of buildings energy
software tools[11].

3. Methodology

To identify candidate residential tools for evaluation, we
conducted web and literature searches, including review
of the above-mentioned prior work. Our investigation was
limited to tools developed and used in the North American
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Table 1 (Continued)

Tool name (web-based) Developer

EnergyCheckup.com HERS version GeoPraxis
EnergyGuide Nexus
Environment—Energy Calculator BC Hydro
EREN Energy Conversions Calculator US Department of Energy
Find Out About Your Electricity Environmental Defense
Home Energy Advisor (EPA/LBNL) USEPA/Lawrence Berkeley National Lab
Home Energy Analysis (SMUD) Sacramento Municipal Utility District
Home Energy Audit Texas-New Mexico Power Company
Home Energy Calculator Central Main Power Company
Home Energy Checkup Alliance to Save Energy
Home Energy Saver USDOE/Lawrence Berkeley National Lab
Home Energy Survey Electrotek Concepts
Home Energy Survey Pacific Gas & Electric Company
Home View Volt VIEWtech
Watts On Schools American Electric Power
KCPL Electricity Calculator Kansas City Power & Light
KUA Electricity Calculator Kissimmee Utility
My Home Redwire/Green Mountain Power
On-Line Energy Profile San Diego Gas & Electric
On-Line Home Energy Audit International Council for Local Environmental

Initiatives
On-line Home Energy Survey Southern California Edison
ORNL Calculators Oak Ridge National Laboratory
Personal Energy Profiler United Illuminating
PowerSmart Home; PowerSmart Business BC Hydro
PSNH Electricity Calculator Public Service of New Hampshire
PVWatts National Renewable Energy Laboratory
Radon Project Columbia University & Lawrence Berkeley

National Lab
Residential Calculator Utilities
Residential Energy Bill Analyzer Florida Power Corporation
Residential Energy Bill Analyzer Electrotek Concepts
Residential On-Line Energy Audit Enercom
Residential Ventilation Calculator Lawrence Berkeley National Laboratory
RP&L Energy Calculator Richmond Power & Light
Solar Energy Calculator Iowa Energy Center
Torchiere energy cost and payback Lawrence Berkeley National Laboratory
Twenty Percent Solution Lawrence Berkeley National Laboratory
Western Massachusetts Online Energy Calculator Western Massachusetts Electric Co.
Your California Home GeoPraxis

Tool Name (disk-based) Developer
AkWarm (v1.03d) Alaska Housing Finance Corporation
BTU Analysis REG (v6.1.0) Enchanted Tree Software
Energy-10 (v1.4.035) NREL, LBNL
ENERPASS (v4) Enermodal Engineering
EZDOE (v2.1)a Elite Software
E-Z Heatloss (v6)a Thomas & Associates
HOT2000 (v8.606) Natural Resources Canada
J-Works (v4.809) MicroWorks, Inc.
MECcheck (v3.3) US Department of Energy
Micropas (v6.01)a Enercomp, Inc.
NEAT (v7.1.3) Oak Ridge National Laboratory
REM/Rate (v10.3) Architectural Energy Corporation
ResRatePro (v1.26) Florida Solar Energy Center
TREAT (v0.8.985)b Taitem Engineering
VisualDOE (v3.0.111)a Eley Associates

a Demonstration version.
b Beta version.
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context.2 The disk-based tools were selected from the
on-line version of DOEs directory[10]. The selected tools
(Table 1) were then cataloged and reviewed for useful fea-
tures, methods of presentation, interface design concepts,
etc. From this main set, the subset with a “whole-house”
orientation were identified and evaluated in considerably
more depth.3 To be included in the “whole-house” detailed
review, a tool was required to consider the full range of
residential energy end uses and fuels.

Our methodology for comparing tool characteristics ex-
pands significantly on that used by Mills and Ritschard[4].
A detailed matrix was constructed to capture, as comprehen-
sively as possible, house and household description, output,
user-support features, and analytical methods used by each
tool (Table 2). The range of user needs and the correspond-
ing presence of these features in the tools informed deci-
sions about which features to record in the matrix. No one
tool possessed all possible features.

As a basis for top-level comparisons, we determined how
many inputs were possible for each tool. There are various
ways to define an “input”. Some prior studies have used
“number of questions” (e.g.[7]), but individual questions
often seek multiple pieces of information. We found it more
consistent and meaningful to include the actual number of
pieces of information that a user might have to enter. We
observed that the numbers of inputs and input screens are
systematically higher for the disk-based tools, due to their
professional target audiences and correspondingly greater
sophistication, especially concerning extensive materials
and component libraries in which multiple characteristics
of multiple items can be specified by the user.

We also separately tallied the numbers of technical fea-
tures (including house and household description) and
decision-support features (including calculation method-
ology, output, and user-support) for each tool to glean an
overall sense of the comprehensiveness and ease of use.4

Toward the goal of understanding and comparing the
tools’ predictive power, we chose real homes for which
we had actual consumption data and a detailed descrip-
tion of physical characteristics and occupant behavior. We
compared the tool results to the test houses and to each
other. The choice of two test houses (California and Ohio)
allowed us to explore different climates. While this is not
a comprehensive accuracy evaluation; the results are useful

2 There is ample room for additional research in this regard, which would
have to address differences in energy analysis conventions, language, etc.
A recently passed Buildings Directive in the European Union mandates the
establishment of energy rating systems. As a result, new initiatives have be-
gun in many countries, usually involving development of simulation tools.

3 Due to cost or other constraints, test or demonstration versions were
used in some cases. Our data tables were provided to the developers for
verification.

4 Evaluations of speed and performance for web-based tools were con-
ducted on DSL or faster connections. The disk-based tools were evalu-
ated using a PC equipped under Windows with an x86Family 6 Model 8
Stepping 10 Intel∼356 processor.
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in demonstrating the variations among tool results and
the need for more exhaustive validation efforts. Lacking
was sub-metered end-use data to compare against end-use
predictions from the various tools.

It is important to keep in mind that the tools evaluated,
especially those that are web-based, are under continuous
development. Only those features available to users at the
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time of the evaluation (Spring, 2002) were recorded. The
review of web-based tools was exhaustive, whereas the
disk-based tools represent only a subset of those available.

4. Findings

4.1. Existing tools exhibit considerable range and creativity

Our review shows that there are many approaches to the
design of residential energy tools and different levels of de-
tail can be offered to users. More detail (questions asked)
does not, however, automatically translate into a “better”,
more thorough, or more accurate tool. As suggested by a
comparison ofFig. 1a–c(for web-based tools) andFig. 2a–c
(for disk-based tools), some require a relatively small num-
ber of well-considered inputs while others ask a prolifer-
ation of questions and still miss key issues. For example,
the Kansas City Power and Light’s web-based tool asks 198
questions, but only encompasses 30 of the 124 potential fea-
tures itemized inTable 2.5

The value of detail has a lot to do with the type of an-
swers sought by the user (e.g., the availability of dozens of
miscellaneous appliances is immaterial for a user attempt-
ing to evaluate their potential for space-heating savings by
installing a new heating system).

The tools vary in their usability (e.g. approachability,
navigability, wait time, etc.). Some have very elegant and
easy-to-navigate interfaces while others were cumbersome
(e.g., many screens, poor text legibility). Some are able to
collect large amounts of information via a simple interface,
while others had elaborate interfaces that did a poor job of
collecting information. Several of the tools provide the user
the opportunity to compare a base-case house with one out-
fitted with one or more energy efficiency measures.

Considerable creativity is demonstrated in the design of
many existing tools. Even tools that are not particularly
comprehensive (e.g. those providing load calculations only)
have things to offer. While the diversity of specialized tools
offers valuable features to users, it is disadvantageous that
they are not interoperable, e.g. similar information must be
re-entered for each tool and the results are not coordinated
or integrated.

4.2. Users face bewildering choices and often-confusing
input requirements

There are today hundreds of web- and disk-based energy
tools. Approximately 220 were listed in DOEs Building En-
ergy Tools Directory as of Spring 2002[10].

5 The EPRI tool is another example that appears to be very extensive
(9 input screens and 79 questions), yet is in fact very inflexible and
full of embedded assumptions. For example, the efficiencies of heating
systems and many other appliances are fixed, and by having the user
enter “number of hours per year use of heating system” the building size,
geometry, and envelope characteristics are entirely by passed.

The first web-based energy calculator was the Home En-
ergy Saver, developed in the mid-1990s. There ensued a
rapid proliferation of web-based energy calculators. There
has since been considerable consolidation; many web-based
tools have vanished from the Internet. The (often unantic-
ipated) cost of building and maintaining these sites is no
doubt a factor in this trend[12].

In the course of this study, we identified 50 web-based
residential calculators, 21 of which can be considered
“whole-house” tools. Of the whole-house tools, 13 provide
open-ended energy calculations, 5 normalize the results to
actual costs (a.k.a “bill disaggregation tools”), and 3 pro-
vide both options. Across the whole-house tools, we found
a range of 5–58 house-descriptive features (68 possible) and
2–41 analytical and decision-support features (55 possible).

We also evaluated 15 disk-based residential calculators.
These tools offer ranges of 18–58 technical features (70
possible) and 10–40 user- and decision-support features (56
possible). Of these tools, 11 provide open-ended energy
calculations, one normalizes the results to actual costs, and
three provide both options.

The disk-based tools contain 21–364 input screens and
45–9870 inputs, far more than the corresponding numbers
for web-based tools. Despite the large numbers of potential
inputs, limitations in the designs of some of the disk-based
tools limit users’ abilities to model their homes with the
desired level of detail. The limiting of house geometries
to a six-surface box shape is an example of this type of
shortcoming.

Meta-evaluations of the disk- and web-based tools are
presented inTables 3 and 4, and the complete matrices of
features appear in Mills[13].

The tools exhibit a large range in analytical scope. It was
surprising how few enable the evaluation of certain key
energy issues and opportunities, e.g. the performance of
thermal distribution systems, advanced windows, cool roofs,
or programmable thermostats. Few address indoor air qual-
ity considerations and other non-energy benefits of energy
efficiency[14]. Most tools, however, give considerable (and
appropriate) attention to miscellaneous energy end uses. Var-
ious important buildings energy issues and energy efficiency
features cannot be sufficiently well evaluated using any of
the existing tools (e.g., peak power demand, IR reflective
roofing, high-R perimeter attic insulation, thermal comfort,
advanced crawlspace/foundations, advanced thermal distri-
bution modeling, early appliance retirement, time-of-use tar-
iff structures). Few tools offer substantial decision-support
content (either local or via links to useful web sites).

Many tools provide estimates of baseline energy bills but
no recommendations or estimates of potential savings, and
fewer still address cost-effectiveness or emissions analysis
(even superficially). Where available, most savings recom-
mendations are spotty, with a large focus on low/no cost
measures (often focusing on appliance usage) and less on
investments in better equipment or envelopes. Most recom-
mendations are illustrative rather than comprehensive, e.g.
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Fig. 1. (a–c) Features, input screens, and inputs vary widely: disk-based tools.

for our test house, SCEs On-Line Home Energy Survey only
suggests caulking and weather-stripping, CFLs, and occu-
pancy sensors for outdoor lighting.

Input questions are often formulated in a way that is likely
to confuse lay users. In one of many examples, the tool asks
for hours per day refrigerator usage, with a default of 24 h,
while another tool asks the same question and defaults at
5 h, and yet another asks for hours per month and the default
value offered is 335 (24×30 = 720). In the EPRI tool, users
are asked to enter the number of hours their heating system
operates in each year. Even an “energy expert” would not
likely be able to make an accurate guess at this value. In
yet another example, one tool asks for total lighting hours
aggregated by bulb type. This is an unreasonably challenging
question for the typical consumer and invites poor estimates
and thus inaccurate results.

4.3. Web- and disk-based tools differ considerably

Only one web-based tool in our compilation is suitable for
professional audiences, as opposed to all of the disk-based
tools. This is a somewhat subjective determination. We based
our judgment on a tool’s technical depth and flexibility, e.g.,
in modeling specific equipment efficiencies, complex build-
ing geometries, a wide range of climates, and providing
sufficiently detailed outputs for a professional user’s needs.
Several of the disk-based tools (and none of the web-based
tools) are intended primarily for non-residential applications.

The level of detail varies accordingly, with up to 200
possible inputs among the web-based tools versus a max-
imum approaching 10,000 for the disk-based tools. The

disk-based tools offer correspondingly greater choice and
control over building characteristics, system sizing, weather
location, outputs, etc. However, the disk-based tools gener-
ally offer a narrower end-use coverage and thus there are
fewer (in comparison to the web-based tools) that qualified
for the “whole-house” designation used in this study. None
of the disk-based tools offer recommendations on no-cost
energy-saving measures, while most of the web-based tools
do so. Few of the disk-based tools offer a cost-effectiveness
protocol for evaluating energy retrofit measures, whereas
most of the web-based tools do.

Perhaps counter-intuitively, the web-based tools are more
sophisticated in some areas. For example, they more fre-
quently provide vintage-dependent defaults for appliance
and equipment efficiencies.

The market distribution of disk-based tools is naturally
narrower than that of web-based tools. With one exception,
the disk-based tools had between 50 and 2300 copies in
circulation (MECheck had 25,000 copies). The web-based
tools are more accessible to anyone using the Internet, and,
among those we evaluated, receive up to 350,000 visitors
per year. None of the disk-based tools work on a Macintosh
platform, while all of the web-based tools are (by definition)
platform-independent.

The web-based tools are free to users, whereas, with a
few exceptions, a fee is required to acquire the disk-based
ones. In some cases, however, access to web-based tools is
restricted to customers of specific utilities (who pay licensing
fees to the developers).

With one exception, all disk-based tools we examined pro-
vide documentation, making their embedded assumptions
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Fig. 2. (a–c) Features, input screens, and inputs vary widely: web-based tools.



E
.

M
ills

/E
n

e
rg

y
a

n
d

B
u

ild
in

g
s

3
6

(2
0

0
4

)
8

6
5

–
8

8
0

873

Table 3
Meta-evaluation: web-based tools
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Table 4
Meta-evaluation: disk-based tools

and methods transparent, whereas only one web-based tool
does so.

4.4. Evaluating accuracy is an elusive goal

The question of tool “accuracy” is a complex and elusive
one. The method of examining accuracy itself (e.g. using
occupied versus unoccupied buildings) influences the results
[8].

The ability to evaluate accuracy is inherently limited by
the availability of measured end-use data, and manipula-
tions of that data (e.g., weather normalization) to facilitate
meaningful comparisons to tool outputs. Certain tool out-
puts can only be measured against “actual” values that are
themselves calculated (e.g., HVAC sizing), while others are
rarely if ever available (e.g., measured energy use or savings
for specific retrofit measures).

Similarly challenging is to understand thesourcesof inac-
curacies. As described below, there are many ways in which
quantitative errors can occur in tools, ranging from program-
ming errors to problems inherent in a tool’s design.

4.4.1. Types of accuracy problems
Conducting analytical inter-comparisons of residential en-

ergy tools raises a number of complicated issues, and the
question of “accuracy” has multiple definitions. There are
several potential sources of inaccuracy in the results pro-
duced by a given tool. The specific illustrations provided
below are based on spot checks rather than exhaustive trials
of tools included in our review.

4.4.1.1. A tool’s underlying engineering calculations or
simulation techniques may contain inaccuracies.Pin-
pointing the source of such a problem can be virtually

impossible for outside reviewers who lack access to tech-
nical documentation and the underlying source code and
assumptions. See examples below.

4.4.1.2. Even if baseline calculations are accurate, sav-
ings calculations may not be.Finding measured data with
which to validate savings calculations is far more prob-
lematic than finding data to validate baseline bills. Ideally,
measured data are needed for savings estimates in each
end-use category. Some of the savings estimates we en-
countered when running our test homes were implausible.
One tool estimated the annual savings for a water heater
blanket at questionably low values of US$ 2 per year, and at
US$ 4 per year for reducing the water heater temperature.
Another tool reported only US$ 2 per year annual savings
for duct insulation. When testing another tool, going from
zero ceiling insulation to “R20–30” resulted in US$ 12 per
year HVAC savings, and going from “never” changing the
air-conditioner filter to changing “every 3 months” resulted
in no change in HVAC costs. When specifying a 10- to
15-year-old standard non-ENERGY STAR model washer
in one tool, it predicted only US$ 2 per year savings for
upgrading (same answer for hot or cold wash temperature
and independent of the number of loads washed). Another
tool classified all clothes washers as “energy efficient”,
irrespective of the age (up to 27 years) specified by the user.

4.4.1.3. Changes to inputs do not always result in ex-
pected changes in predicted energy use.When examining
one tool, we noted that energy billsdecreasedwhen the
water-heater thermostat wasincreasedfrom 130 to 140◦
range to the 140–150◦ range, and were virtually the same
from the “Low: below 120◦” setting to the “Very high:
over 150◦” setting. Similarly, energy use increased with
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decreasing shower length. Computer energy use increased
only $2/year when utilization was changed from “a little”
to “a lot”.

We noted several web-based tools in which the results
did not always equal the sum of the individual end uses.
In another example, the tool did not show any differences
in energy bills as a function of house size (we tested a
range of 1000–1500 square feet to 2000–2500 square feet).
Another tool failed to capture the impact of roof insula-
tion when both roof and attic insulation are specified for
an unconditioned attic, and greenhouse-gas emissions cal-
culated by that tool did not always increase when energy use
increased.

Bill disaggregation tools provide special challenges. One
tool reported increased heating use (US$ 1119 versus US$
992) when a smaller home size (1000–1499 sq. ft versus
2000–2499 sq. ft) was specified. Also counterintuitive, light-
ing energy use was identical in the two homes. We observed
the same problems in another tool, where in fact lighting en-
ergy use increased with decreasing house size. This particu-
lar bill-disaggregation tool also computed the same baseline
air conditioning use for SEERs 6 to 16, perhaps an artifact
of inflexible values for other end uses and an actual energy
bill that must be matched.

4.4.1.4. User-specifiable options are often incomplete or not
representative of the actual building.Particular issues arise
when users attempt to model non-typical homes or usage pat-
terns. Cases involving particularly low- or high-energy-use
homes are most likely to exhibit under/overestimation of
results (except, of course, when using bill-disaggregation
tools). For example, extreme high or low thermostat settings
will lead to actual bills that differ from those predicted by
tools that do not allow for explicit entry of thermostat set-
tings. Problems can also arise, for example, in tools that
specify ranges for inputs, such as a vintage range of “be-
fore or later than 1993” for appliance efficiency, implying
only two possible “average” efficiency levels based on the
user answer, where in fact the user could have an ancient
appliance or a brand-new premium-efficiency model.

If a tool excludes miscellaneous uses, for example, re-
sults can easily be 20–30% lower than utility bills for this
reason alone (and all end uses overestimated in the case
of bill-disagregation tools). Half of the tools we tested re-
ported miscellaneous energy at less than 10% of total bills,
a highly unlikely scenario, and in one case completely ex-
cluded it. Other examples include lack of provision for more
than one refrigerator, values specified as a range (e.g., floor
area), or that otherwise do not fit reality (e.g., different walls
have differentR-values). One tool relies solely on defaulted
building descriptions keyed to the user-entered zip code, and
thus the resulting defaults will inevitably fail to fully repre-
sent the actual home in question (e.g., attribution of cool-
ing energy use where none may exist in fact). Another tool
does not allow fractional hours of use for many miscella-
neous appliances (e.g., toasters, microwaves), this can lead

to over-prediction of energy costs. Another does not allow
furnace efficiencies below 78%.

4.4.1.5. Interface design and questions formulated by some
of the tools foster input errors or poor house descriptions
that adversely affect the results.These potential problems
fall into two categories. “Hidden” options—those discretely
placed in rather long pull-down menus or activated by the
selection of related “lead-in” options—can easily go un-
noticed. “Surrogate” inputs can also trigger unnoticed and
undesired calculation paths. In one tool, a request for the
number of bedrooms, rather than the number of occupants,
in a house is an example of such an input.

Wordings of input questions can confuse or mislead
users, resulting in inappropriate building description infor-
mation and thus inaccurate results. For example, as noted
above, many tools ask for “hours of operation” for various
appliances and it is often unclear whether to provide an-
nual or seasonal averages (in the case of space conditioning
questions) or 24 h per day in the case of refrigerators. Sev-
eral tools ask for annual operating hours for almost every
end use including water heaters, furnace fans, and freez-
ers. As another example, prediction of energy costs (bills)
requires that the user make an accurate estimate of the
weighted-average energy prices where complex tariffs are in
effect.

4.4.1.6. Not all tools can be run in all climates.For ex-
ample, in the case of the tools we examined, 10 of the 22
web-based tools and 5 of the 16 disk-based tools could not
be run in the selected test-home cities.

4.4.1.7. The aforementioned factors conspire to confound
comparisons among tools.Differences among inputs can
range from weather city, to types of HVAC systems, to
appliance characteristics, to occupant-driven effects, such
as thermostat management. Differences inresults would
thus no doubt emerge from an extensive comparative ex-
ercise, but thesourcesor implicationsof these differences
for the purposes of accuracy evaluation or tool develop-
ment would remain largely unidentifiable (especially given
the paucity of technical documentation available for most
tools).

Another uncertainty associated with accuracy analysis is
that different users would arrive at different results, given
the many judgments entailed in describing a real home to a
necessarily simplified tool.

Further complications apply in the case of bill-disaggre-
gation tools. The question of whole-house “predictive”
ability becomes moot, since such tools by definition agree
with actual bills. In this case, the accuracy issue shifts to
one of end-use predictive power, i.e. the correct allocation
of total bills to actual end uses. As noted above, some
bill-disaggregation tools exhibited problems when submit-
ted to spot tests. The scarcity of good end-use data makes
it difficult to validate such tools.
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Fig. 3. Predicted vs. actual annual energy bills vary widely: web-based tools (California Test House). Notes: Actual: US$ 1179 per year (8-year weather
average). Energy prices specified in the models identical to those in test home. Where applicable, bill disaggregation modules supplied only with August
data. EnergyGuide: initial estimates were US$ 2566 (Fastrack) and US$ 3283 (detailed). Subsequent visit yielded lower outputs (shown here) for same
inputs. PG&E: Subtotals disagree with grand total by 30%.

4.4.2. Accuracy evaluation test case: web-based tools
We evaluated those web-based tools offering an appropri-

ate climate option for our first benchmark home (San Fran-
cisco Bay Area). All in all, 12 tools were included in this
part of the accuracy evaluation (Fig. 3).

Fig. 4. Predicted energy use and end-use breakdowns vary widely: web-based tools.

The results demonstrated considerable variability around
the actual values, and differences among tools:

• Predicted energy bills varied from 25% below to 100%
above the actual (US$ 1179 per year).
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Fig. 5. Predicted annual energy savings defaults vary widely among the web-based tools.

• All tools over-predicted energy use by a significant margin
(by up to a factor of 2.4). The variability was higher when
examined at the end-use level, e.g. a factor of 8 in water
heating energy and a factor of 7 for space heating energy
(Fig. 4).

• Energy savings estimates automatically generated by the
tools varied from US$ 46 per year (5% of predicted use)
to US$ 625 per year (50% of predicted use) (Fig. 5).
Each tool has a different set of decision rules for de-
veloping recommendations (often non-systematic and
non-comprehensive), and thus the issue here is not one
of accuracy as much as conveying vastly different infor-
mation to consumers.

4.4.3. Accuracy evaluation test case: disk-based tools
Because of the limitations of demonstration versions and

appropriate weather data, only six of the disk-based tools
could be test run meaningfully with the second benchmark
house, which was located in Ohio.

The results showed similar variability as seen for the
web-based tools:

• Predicted energy bills varied from 2.1 to 2.4-fold above
the actual (US$ 969 per year) (Fig. 6).

• All tools over-predicted energy use by a significant margin
(by up to a factor of 2.8). The variability was higher when
examined at the end-use level, e.g., a factor of 5.4 in air
conditioning energy and a factor of 3.8 for water heating
energy (Fig. 7).

• Design load predictions varied by factors of 1.5 for both
heating and cooling (none of the web tools produce design
load recommendations).

• None of the disk-based tools generate automatic retrofit
recommendations.

Although sub-metered heating and cooling energy use was
not available for the Ohio test house, detailed estimates of
end-use energy consumption can be compared to the disag-
gregated utility data, and the results are somewhat disturb-
ing (Fig. 7). In particular, the space-heating consumption is
over-predicted by a factor of 4 or 5 across the board.

4.4.4. Caveats
Limitations of this exercise include the fact that only

two buildings were studied, and without the full spectrum
of potential end uses (one test house was located in a
non-air-conditioning climate). Also, the analysis was per-
formed by experienced modelers. Results for lay users are
likely to exhibit even wider variability.

While Figs. 3 and 6suggest that some tools appear to
be more “accurate” than others, the many above-mentioned
caveats apply. A readily apparent question is that of for-
tuitous agreement with actual bills as opposed to genuine
accuracy. For example, the “middle’ version of the Home
Energy Saver provides slightly “better” results than the
“detailed” version. This is not because the former provides
better modeling than the detailed tool, but rather that in-
accuracies fortuitously cancelled out. Similarly, the Home
Energy Checkup provides results relatively close to actual,
however, this is highly fortuitous given that this tool is based
on a very approximate “lookup” process using national
survey data and highly aggregated climate zones. The test
house, for example, has electricity prices a full 50% higher
than the Home Energy Checkup’s (invariable) energy prices.

Note also that most results are above those of the actual
test house bills. One would expect a more random distribu-
tion of over- and under-prediction.

Some web-based tools were not very stable, i.e. they de-
livered different results when the homes were rerun without
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Fig. 6. Predicted vs. actual annual energy bills vary widely: disk-based tools (Ohio Test House).

Fig. 7. Predicted energy use and end-use breakdowns vary widely: disk-based tools.

changing the building description or when saved runs were
recalled subsequent to the initial session.

More comprehensive accuracy evaluations would require
a statistically representative sampling of homes and cli-
mates, detailed measured end-use data (baseline and savings
for a range of measures), highly flexible inputs (house size,
window types, utilization patterns, etc.), relevant outputs.
Very large numbers of runs would need to be conducted to
examine an adequate array of combinations. Furthermore,
complete fulfillment of the preceding list would make most

of the existing tools ineligible for evaluation. Conversely,
limiting such an experiment to the least common denomi-
nator required for all tools to qualify would result in such
a highly “denatured” analysis.

5. Conclusions

The design of residential energy analysis tools should be
grounded in social science as well as engineering, with close
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attention given to the intended use and audience. There are
many potential avenues for improving the existing tools.
Based on our review, we offer the following “best practices”
design recommendations for consideration by tool develop-
ers.

5.1. Targeting and usability

We suggest carefully defining and addressing diverse
audiences and their equally diverse needs, providing qual-
itative decision-support information (in addition to calcu-
lations), keeping underlying information and data current,
fostering linkages among an every-growing proliferation of
tools, and focusing on usability and convenience. Analytical
results (e.g., benchmarking) and “what-if” capabilities are
more helpful for many users than conventional engineering
outputs. Web-based tools are of greatest use if user-entered
data and results are saved for future sessions.

5.2. Technical features and rigor

Surprisingly, many of the tools only provide estimates of
existing energy bills and no recommendations or estimates of
potential savings, and fewer still address cost-effectiveness
or emissions analysis (even superficially). Few tools offer
substantial decision-support content. We also observed that
energy analysis tools rarely keep pace with the forefront
of building science research (e.g. thermal distribution mod-
eling), and a greater effort should be made to do so. We
suggest maximizing the applicable geographic range of
tools (weather conditions), ensuring technical rigor (e.g.,
modeling of HVAC-appliance interactions) while providing
for the modeling of occupant effects, open-ended energy
calculations as well as results normalized to actual billing
history, incorporating means for users to appreciate the
uncertainties embodied in the results, and ensuring quality
control to remove errors from the design and programming
of tools. A comprehensive validation protocol is needed.
The BestTest method, for example, is valuable but the fo-
cus is limited to building envelope and HVAC modeling
[15].

5.3. Platform

Web-based tools offer considerable advantages over
disk-based tools. Among these are platform independence,
lower cost of distribution, ease of updates, and the ability
to implement links to a growing array of related resources
elsewhere on the internet. Powerful simulations can be lo-
cated on a central server, lifting any requirement that the
user’s CPU can handle computation-intensive modeling.

5.4. Strategic considerations

Future efforts could encourage heightened objectiv-
ity, technical inclusiveness, and accuracy, and improved

transparency and documentation of assumptions. Tremen-
dous fragmentation and redundancy (as well as inconsistent
analytical results) prevail among tools currently in use. Ef-
forts should be made to unify existing disparate public and
private development initiatives in order to focus scarce de-
velopment resources into higher-quality and better-validated
tools.
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